|

Genes to Cells
SUGIYAMA et Al. diverse due to their frequent recombination. For instance, cytotoxin-associated gene A (cagA), which is one of the several genes of a pathogenicity island and is associated with the risk and severity of the H. pylori-mediated diseases (Parsonnet, Friedman, Orentreich, & Vogelman, 1997) , is encoded by most East Asian strains but by only one-half to two-thirds of Western strains. The gene product also has diversity in the tyrosine phosphorylation site, which binds to a Src homology 2 (SH2)-containing tyrosine phosphatase SHP-2 (Azuma et al., 2004; Higashi et al., 2002) . East Asian-type cagA has higher affinity to SHP-2 than Western-type, and it strongly facilitates the activity of SHP-2. An active vacuolating toxin, VacA, is proposed to play a role in the early steps of bacterial gastric colonization by forming intracellular vacuoles and inducing gastric cell apoptosis, and is also divided into two major groups, a Western and an East Asian group (Yamazaki et al., 2005 ). The geographical variety of H. pylori genome is supposed to affect the incidence rate of gastric diseases. For instance, the hyperendemic area of stomach cancer is intensely concentrated in eastern Asia. The diversity of H. pylori genome is considered one of the reasons why the pathogenesis and infection mechanisms of pylori-driven gastric diseases are still poorly clarified.
Recently, proteome analysis using mass spectrometry combined with gel electrophoresis or liquid chromatography is widely used for many studies to profile protein expression, localization, post-translational modification or interaction on a large scale. Proteome studies on H. pylori and infected hosts have been carried out in many laboratories to elucidate its infection or pathogenesis mechanisms. Proteome analysis of human gastric adenocarcinoma epithelial cells infected with H. pylori has revealed that the cagA protein is translocated into the host cell membrane and into the cytoplasm and is tyrosine-phosphorylated during infection (Backert et al., 2000) . Muller et al. (2015) found outer membrane proteins were more abundant, whereas proteins involved in cell division, transcriptional and translational processes and host colonization were less abundant in coccoid form compared with infectious spiral form by using differential proteome analysis using stable isotope labeling by amino acids in culture. In another study, proteome analysis of the H. pylori secretome obtained from the culture media during coculture of host and pathogen cells revealed that a secreted protein, elongation factor-Tu (EF-Tu), was increased after infection with H. pylori, which suggested EF-Tu facilitates H. pylori attachment to THP-1 host cells (Chiu, Wang, Tsai, Lei, & Liao, 2017) . The proteomics approach has been applied to investigate the protein phosphorylation (Ge et al., 2011) , protein-protein interaction (Hauser et al., 2014) and strain-level typing (Karlsson et al., 2012) of H. pylori.
The complete genome of the gastric pathogen H. pylori strain 26695 has been sequenced (Tomb et al., 1997) . Genome sequences of several H. pylori strains have been completed, yielding information about correlations between genotypes and pathogenicity, as mentioned above. However, differential proteome analysis of H. pylori isolated from different locations of the stomach using two-dimensional gel electrophoresis has revealed that proteins related to early gastric cancer or chronic gastritis were differentially expressed in spite of the absence of genetic diversity (Momynaliev et al., 2010) . Given that the proteome is more diverse than the genome, large-scale proteome profiling is required to elucidate the pathogenesis and infection mechanisms of the pylori-driven gastric diseases.
In this study, we generated a nonredundant peptide database from 52 H. pylori strains and carried out proteome and phosphoproteome analysis of five genome-known and two genome-unknown strains with nanoLC/MS/MS using long monolithic silica columns. The peptide database was useful to identify the proteome of genome-unknown strains at as large a scale as genome-known strains. A comparison of the proteome profiles indicated the H. pylori strains were classified in association with the original isolated areas rather than the gastric diseases. The phosphoproteome of H. pylori revealed a bacteria-specific phosphorylation motif at the Nterminus of H. pylori proteins.
| RESULTS AND DISCUSSION
| Proteome analysis of H. pylori
Mass spectrometry-based large-scale proteomics using a combination of data-dependent MS/MS scan and database search requires a sequence database of a whole genome or its transcripts in general. It remains difficult to carry out large-scale proteome analysis against genome-unknown organisms, alternative splicing or disease-related mutants of which sequence information is insufficient. A probability-based database search using a search engine with an incomplete sequence database results in incorrect matching. In addition, a huge merged database including possible mutants or taxonomically closely related sequences requires machine power and causes a reduction of identification and a high rate of false-positive hits due to the increased search space. To overcome those problems, modified algorithms and/or databases were applied to the database search. Previously, we have developed a novel approach called mass spectrum sequential subtraction (MSSS), in which a database search is carried out against a large nucleotide database after subtraction of MS/MS spectra that correspond to identified peptides obtained from a smaller protein database (Helmy, Sugiyama, Tomita, & Ishihama, 2012) . The method enabled us to reduce the search time without increasing the false-positive rate. As another approach, Ischenko et al. (2016) used an MS/MS spectrum library to identify single amino acid polymorphisms in H. pylori strains. In their study, the proteome Genes to Cells SUGIYAMA et Al. of the genome-known H. pylori strains 26695 and J99 was analyzed using a standard database search. Based on the identified information, a spectrum library was generated and applied to clinically isolated strains to find single amino acid polymorphisms. Lycette et al. (2016) used a peptide database from which all duplicated trypsin fragments had been removed to determine translation initiation sites, including alternative splicing sites, on a proteome-wide scale. In our study, we merged the sequence databases of the 52 genome-known strains, digested them in silico in successive digestions with Lys-C endopeptidase and trypsin and then removed redundant peptide sequences to generate a representative peptide database (Figure 1 ). Two types of peptide database were constructed, namely, one that did not contain any missed cleavage tryptic sites and another that consisted of only concatenated peptides containing one missed cleavage site. The MS/MS database search was carried out against both of the peptide database, and then, the results were merged with the exception of the duplicated hits obtained from the same MS/MS spectra.
Using the protein and the representative peptide database, the proteomes of the five genome-known H. pylori strains (F16, F30, F32, OK113 and OK310) and the two genome-unknown strains (OK145 and TN2GF4), which were originally isolated from Fukui or Okinawa Prefecture in Japan (Table  1) , were measured with nanoLC/MS/MS using the data-dependent acquisition method. Over 15,000 unique peptides were identified in each strain by a single LC/MS/MS run regardless of protein database or peptide database (Supporting Information Figure S1 ). However, the representative peptide database provided lower expected values of the identified peptides from a MASCOT search by an order of magnitude compared to the protein database since the search space was reduced by removal of redundant sequence ( Table 2) . As a result, a 6.4% increase in the number of identified peptides was observed on average using the peptide database. (List of the identified peptides are shown in Supporting Information Table S1 ).
The proteome analysis of the five genome-known strains of H. pylori using the representative peptide database identified over 1,100 gene products in each strain. The results revealed that more than 95% of the identified proteins were derived from one of the strain's own gene products (Table  3) . Proteome coverage of each strain based on the own gene products was 75%-78%. One possible reason why proteins of other stains were identified is that there was incorrect genome annotation about a protein-coding region and/or an open reading frame existed and/or a mutation occurred In terms of the distribution of the matching scores in the database search, the peptides identified as their own gene products were compared with those as other strains. We also compared the distribution patterns of the difference between the best and the second best match (delta score). There was no significant difference in both of the distributions between the own peptides and those from other strains except that the delta scores of approximately 4% of the peptides identified as gene products of other strains were less than 10 (Supporting Information Figure S2 ). These data suggested the reason why gene products of other strains were identified was mainly derived from incorrect genome annotations rather than falsepositive hits.
Genome-unknown strains OK145 (cagPAI negative) and TN2GF4 (cagPAI positive) were also analyzed in the same manner as genome-known ones (Table 4) . A similar number of genes as the genome-known strains were identified from the genome-unknown strains. Unlike the genome-known strains, there was a possibility that peptides derived from a certain protein were separately assigned to orthologous proteins of different strains, which have not been annotated as orthologue yet. These possibilities may explain why the numbers of identified genes in the genome-unknown strains were slightly higher than those in the genome-known strains. Due to a gap in the number of genes in the database between the strains, we evaluated their similarity with the proteome coverage. The H. pylori strains most homologous with OK145 and TN2GF4 were OK310 and F30, respectively. Among the identified peptides, more than 80% of genes were identified as the gene products of the most homologous strains. The numbers of identified genes from the most homologous strains were almost 1,100, and proteome coverages were over 72%, which were similar to those obtained from the genome-known strains (Tables 3 and 4 ). These results suggest that proteome profiling was successfully carried out with a high coverage using the representative peptide database even if the strains' genome sequences were unknown.
| Comparison of H. pylori strains
The tested 7 H. pylori strains were classified using the semiquantitative proteome profiling data based on the number of identified MS/MS spectra per protein ( Figure 2 and Supporting Information Table S2 ). As shown in Table 1 , the four strains F16, F30, F32 and TN2GF4 were originally isolated in Fukui Prefecture in Japan, and the three strains OK113, OK310 and OK145 were from Okinawa Prefecture; the associated diseases were different between the strains. The proteome analysis of these strains indicated they were classified into two groups based on the isolated area, namely, Fukui and Okinawa groups, as described above. The results indicated that the expression profile of the proteome of the strains depended on the habitat rather than the related disease or cagA type. This clustering pattern of the proteome profiles was supported in part by the genome analysis reported by Yahara et al. (2013) , demonstrating that the strains derived from the same isolation area were classified into the same subgroups in a phylogenic tree constructed with the genomic data. However, our proteome expression profiling more clearly divided the strains into Fukui and Okinawa groups than did the genome profiling.
We compared the expression level of each protein between each pair of strains, namely, 21 pairs in total, in a semiquantitative manner using the number of MS/MS spectra divided by the number of amino acid residues. Figure 3 shows a comparison of F16 and F30 as an example of the analysis. (All plots are shown in Supporting Information Figure S3 ) The pairs of similar strains isolated from the same area showed 
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higher correlations in terms of proteome expression level compared to the pairs consisting of different habitat types. Among the commonly identified gene products, 273 genes showed a nondifferent expression level (a ratio in the range of 0.5 to 2 for all 21 pairs) (Supporting Information Table  S3 ). An enrichment analysis based on the Swiss-Prot keyword of the commonly expressed 273 proteins using DAVID (da Huang, Sherman, & Lempicki, 2009a , 2009b suggested that they were mainly localized in the cytoplasm (Table 5 and Supporting Information Table S4 ). Considering that other enriched keywords were ribonucleoprotein, ribosomal protein, rRNA-binding or RNA-binding, most of the commonly expressed proteins were essential for basal biological activity. A pathway enrichment analysis against the KEGG database (Kanehisa, Goto, Sato, Furumichi, & Tanabe, 2012) revealed that most of the commonly expressed proteins were housekeeping proteins involved in central carbon metabolism and protein expression. The expression levels of 368 proteins showed more than a fivefold difference between strains for at least two pairs (Supporting Information Table  S5 ). The enrichment analysis using Swiss-Prot keywords and pathways showed that these proteins were related to infection mechanism in response to host cells, such as flagellar assembly or epithelial cell signaling in H. pylori infection ( Table 6 and Supporting Information Table S6 ). As expected, most cagPAI proteins were not expressed or little expressed in OK145. Although more than 300 unique tryptic peptides of cagPAI proteins were identified in all of the other strains, only two peptides derived from cag1 and cag7 were identified in OK145. However, some components of flagellar system, such as FlgK, FlgL and FlgH, had low expression in OK113 compared to other strains. It is possible that the diversity of expression profiles in the pathways influences their pathogenicity and infectiveness.
| Phosphoproteome analysis of H. pylori
From the tryptic digest of H. pylori strains OK145 and TN2GF4, phosphopeptides were enriched with metal oxide chromatography using lactic acid-modified titania and analyzed with LC/MS. From a database search using the representative peptide database, 82 and 73 unique phosphopeptides were identified from OK145 and TN2GF4, respectively. The identified peptides were reassigned to all of the possible corresponding proteins using the protein database, and then, phosphorylated sites at the protein level were extracted. As a result, 1,124 and 924 confirmed phosphosites were extracted from OK145 and TN2GF4, respectively, although they were matched to multiple gene products derived from orthologous genes (Supporting Information Table S7 ). After removal of redundancy, 50 unique phosphosites were identified from each strain. As in mammals (Olsen et al., 2006; Sugiyama et al., 2007) , plants (Nakagami et al., 2010; Sugiyama et al., 2008) and other bacteria (Lin, Sugiyama, & Ishihama, 2015) , the identified phosphorylation sites were mainly serines and threonines, and a few phosphotyrosines were identified. All candidate genes were extracted from the identified phosphopeptide sequences as described above, and then, we compared the matching number of genes for each identified peptide between whole-proteome and phosphoproteome data (Supporting Information Figure S4 ). The phosphorylated regions were less conserved compared with the whole proteome. We also found that the strains having the highest matching number against OK145 and TN2GF4 were ATCC 700392/26695 (76/82 peptides for OK145 and 72/73 for TN2GF4), whose gene complement is the largest number in the H. pylori protein database. From the identified phosphorylated sites, consensus phosphorylation sequences were extracted using the Motif-x algorithm (Schwartz & Gygi, 2005) . Only one statistically significant phosphorylation motif was obtained in both of the strains (Supporting Information Figure S5 ). The preferably phosphorylated site in both of the strains was a serine at the second residue at the N-terminus of proteins. The fold increases in the matched sequences of OK145 and TN2GF4 in the query data set compared with background data were 28 and 35, respectively. The phosphorylation motif located at the N-terminus is also observed in other bacteria, such as E. coli and Bacillus subtilis, as determined by large-scale phosphoproteomics (Lin et al., 2015) . These results indicate that phosphorylation of the second serine at the N-terminus is a common phosphorylation motif of bacteria, considering that the phosphorylation motif has not been found in other organisms. 
T A B L E 5 The enriched Swiss-Prot keywords and pathways for the proteins commonly expressed in all of the tested
| CONCLUSION
We successfully analyzed the proteome of five genomeknown and two genome-unknown strains of H. pylori with LC/MS-based proteomics and identified more than 1,000 proteins on average. The representative peptide database, which consists of digested peptides derived from 52 genome-known H. pylori strains, enabled us to identify many more peptides and carry out more comprehensive proteome analysis compared to the merged protein-based database of the strains. A comparative analysis of the proteome profile of these seven strains of H. pylori revealed that their profiles depended on the isolation area, and proteins whose expression levels dramatically varied between the strains were associated with infection of host cells. We also carried out phosphoproteome analysis of the H. pylori strains and found a phosphorylation motif that is commonly and specifically observed in bacteria.
| EXPERIMENTAL PROCEDURES
| Materials
Titania beads (particle size, 10 μm) were obtained from GL Sciences (Tokyo, Japan). Empore C18 disk membranes were from 3M (St. Paul, MN, USA). The BCA protein assay kit was obtained from Thermo Fisher Scientific (Waltham, MA). Modified trypsin was purchased from Promega (Madison, WI). Water was purified by a Merck Millipore Direct-Q system (Billerica, MA, USA). All other reagents were purchased from WAKO Chemicals (Osaka, Japan).
| Digestion of H. pylori extracts
The H. pylori protein was extracted using the phase-transfer surfactant method (Masuda, Tomita, & Ishihama, 2008) as described below. The pellet of H. pylori was suspended with 100 mM Tris-HCl (pH 9.0) containing 12 mM sodium deoxycholate Tris-HCl, 12 mM sodium N-lauroyl sarcosinate buffer (pH 9.0) and proteinase inhibitor cocktail. The suspension was lysed with repeated freeze-thaw cycles (five times) using liquid nitrogen and incubation in a water bath at 37°C. After a lysis, protein concentration was measured using the BCA protein assay kit. The solution was reduced with 10 mM dithiothreitol for 30 min at room temperature (RT), alkylated with 50 mM iodoacetamide for 30 min at room temperature in the dark and digested with Lys-C (enzyme-to-protein ratio of 1/100 w/w) for 3 hr at room temperature, followed by dilution with 4 volumes of 50 mM ammonium bicarbonate and digestion with trypsin (enzyme-to-protein ratio of 1/100 w/w) overnight at RT. These digested samples were acidified with TFA, and the surfactants were removed from the solution with an ethyl acetate extraction. Finally, the aqueous fraction was desalted using StageTip as described below.
| Desalting with SDB-XC stage tip
Desalting was carried out using a StageTip (Rappsilber, Mann, & Ishihama, 2007) with slight modifications as described below. For desalting after tryptic digestion, a disk cut out from an SDB-XC Empore disk membrane with a 10-gauge syringe needle was inserted into a D-1000 pipette tip (GILSON). The tip was conditioned with 100 μl of 0.1% TFA and 80% acetonitrile and then equilibrated with 100 μL of 0.1% TFA/5% acetonitrile by centrifugation at 1,000 g for 1 min. The tryptic digest corresponding to 100 μg protein was loaded onto the tip by centrifugation at 1,000 g for 5 min. The tip was washed with 100 μl of 0.1% TFA/5% acetonitrile by centrifugation at 1,000 g for 1 min. The peptides were eluted with 100 μl of 0.1% TFA/80% acetonitrile by centrifugation at 1,000 g for 1 min. For desalting after enrichment of phosphopeptides, a disk cut out from the membrane with a 16-gauge syringe needle was inserted into a pipette tip D-200 (GILSON). Desalting was carried out in the same manner as described above except that the volume of solvent and loading amount of sample were changed. In each step, 20 μl of solvent was used, and the whole sample eluted from one titania tip was loaded onto one desalting tip.
| Enrichment of phosphopeptides with metal oxide chromatography
Metal oxide chromatography (MOC) using titania was carried out as previously described (Lin et al., 2015) . MOC tips were prepared as described below. A disk cut out from a C8 Empore disk membrane (3M) with a 16-gauge syringe needle was inserted into a 200 μl pipette tip (Eppendorf) as a frit. Then, a slurry of 1.5 mg of bulk titania (particle size: 10 μm, GL Sciences) beads in 30 μl of methanol was packed into the tip by centrifugation. Before loading samples, the MOC tips were equilibrated with 100 μl of 0.1% TFA/80% acetonitrile with 300 mg/ml lactic acid as a selectivity enhancer (solution A) by centrifugation. The desalted tryptic digest from a total 500 μg of the reaction mixtures was diluted with of solution A and loaded onto the MOC tip by centrifugation. After successive washing with solution A and 0.1% TFA/80% acetonitrile by centrifugation, the peptide was eluted with 0.5% piperidine by centrifugation. The eluted fraction was acidified with TFA and desalted using SDB-XC StageTips as described above. The desalted sample was concentrated in a vacuum evaporator, then taken up in 10 μl of solution A for nanoLC/MS/MS analysis.
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| NanoLC/MS system
NanoLC/MS/MS analyses were conducted by using a Q Exactive mass spectrometer (Thermo Fisher Scientific, Rockwell, IL) or TripleTOF 5600+ (Sciex, Foster City, CA), coupled to Dionex Ultimate 3000 RSLCnano system (Thermo Fisher Scientific) and HTC-PAL autosampler (CTC Analytics, Zwingen, Switzerland). For whole-proteome analysis, the MonoCap C18 HighResolution 2000 (GL Sciences, Inc.) was used as a capillary monolithic silica column. The coiled monolithic capillary columns were connected to a PicoTip emitter (20 μm i.d., 10 μm tip, New Objective, Woburn, MA, USA) with a conductive distal coating end, at which the spray voltage was applied. For phosphoproteome analysis, ReproSil C18 materials (3 μm, Dr. Maisch, Ammerbuch, Germany) were packed into a self-pulled needle (150 mm length × 100 μm I.D., 6 μm opening) with a nitrogen-pressurized column loader cell (Nikkyo Technos, Tokyo, Japan) to prepare an analytical column needle with "stone-arch" frit (Ishihama, Rappsilber, Andersen, & Mann, 2002) . A PTFEcoated column holder (Nikkyo) was mounted on an x-y-z nanospray interface (Nikkyo), and a tee connector with a magnet was used to hold the column needle and to set the appropriate spray position. The injection volume was 5 μl, and the flow rate was 500 nl/min. The mobile phases consisted of (A) 0.5% acetic acid and (B) 0.5% acetic acid and 80% acetonitrile. A two-step linear gradient of 5%-40% B in 480 min, 40%-100% B in 5 min and 100% B for 10 min for 4 min was employed for whole-proteome analysis, whereas a three-step linear gradient of 5% to 10% B in 5 min, 10% to 40% B in 60 min, 40% to 100% B in 1 min and 100% B for 4 min was used for phosphoproteome analysis. Spray voltages of 2,400 V and 2,300 V were applied in the Q Exactive and TripleTOF5600 systems, respectively. The MS scan range was m/z 300-1,500, and the top ten precursor ions were selected in each MS scan for successive MS/MS scans in both of the systems. The automated gain control (AGC) mode, where AGC values of 5.00 × 10 5 and 1.00 × 10 4 were set for full MS and MS/MS, respectively, was used for the Q Exactive system. MS scans were carried out for 0.25 s, and subsequent MS/MS scans were carried out for 0.143 s each for TripleTOF5600 system. To minimize repetitive MS/MS scanning, a dynamic exclusion time was set at 30 s with a repeat count of 1 and an exclusion list size of 500. The normalized CID was set to be 28.0, and a lock mass function was used for the Q Exactive system to obtain constant mass accuracy during gradient analysis (Olsen et al., 2005) . The CID energy in TripleTOF5600 system was automatically adjusted by the rolling CID function of Analyst TF 1.6 (SCIEX). The MS raw data and analysis files have been deposited to the ProteomeXchange Consortium (http:// proteomecentral.proteomexchange.org) via the jPOST partner repository (https://jpostdb.org) (Okuda et al., 2017) with the data set identifier PXD011364.
| Database
To carry out a proteome analysis of five genome-known and two genome-unknown strains of H. pylori (Figure 1 ), two types of database were prepared using the sequence database of 52 genome-known strains of H. pylori (Supporting Information Table S8 ). A protein database was generated by merging the sequence without any subtraction. A peptide database was generated as follows. All proteins contained in the database were digested in silico in a manner of successive digestion with Lys-endopeptidase and trypsin, namely, the C-side of lysine and arginine except for R-P was cleaved, allowing for up to two missed cleavage sites. Redundant peptide sequences were removed to reduce the search space and search time. The representative peptide database was used for database search, and the following accession information (strain and protein names) was annotated after the peptide identification as described below.
| Database searching
Peak lists were created from the raw MS data using ProteoWizard (Kessner, Chambers, Burke, Agus, & Mallick, 2008) for Q Exactive and ProteinPilot (SCIEX) for TripleTOF 5600 on the basis of the recorded fragmentation spectra. Peptides were identified by means of automated database searching using Mascot v2.5 (Matrix Science, London) against the protein or the representative peptide database with a precursor mass tolerance of 5 ppm and 20 ppm and a fragment ion mass tolerance of 20 mDa and 0.1 Da for Q Exactive and TripleTOF 5600, respectively. The strict trypsin specificity was applied, allowing for up to 0 or 1 missed cleavage for whole-proteome analysis and two missed cleavages for phosphoproteome analysis. Carbamidomethylation of cysteine was set as a fixed modification, and oxidation of methionines was allowed as a variable modification. For phosphoproteome analysis, phosphorylation of serine, threonine and tyrosine was also allowed as variable modifications. Note that neutral loss products from both precursor and fragment ions were considered for MASCOT scoring in this phosphorylation modification setting, although no assignment was indicated for precursor-origin neutral loss peaks in the output results according to the supplier. Peptides were considered identified if the Mascot score was over the 95% confidence limit based on the "identity" score of each peptide. For whole-proteome analysis, gene products were identified using the identified peptides as follows. Among the 52 H. pylori strains in the databases, the strain whose proteome sequence contained the most identified peptides was determined as the most homologous strain. The identified peptides were assigned as a protein from the most homologous strain. Next, | Genes to Cells SUGIYAMA et Al. unassigned peptides were matched to the next most homologous strain. Likewise, all of the identified peptides were assigned. Finally, gene products with at least two matching peptides were identified. For phosphoproteome analysis, at least three successive y-or b-ions with a further two or more y-, b-and/or precursor-origin neutral loss ions had to be observed, based on the error-tolerant peptide sequence tag concept (Mann & Wilm, 1994) . A randomized decoy database created by a Mascot Perl program gave a 0%-0.3% false-positive rate for identified peptides with these criteria. Phosphosite localization was evaluated by using an in-house Perl script to check the presence of a site-determining ion (Kyono, Sugiyama, Imami, Tomita, & Ishihama, 2008) .
| Clustering and enrichment analysis using the proteome data
The H. pylori strains were classified based on the expression proteome data by using Cluster3.0 (Eisen, Spellman, Brown, & Botstein, 1998) . The data matrix for cluster analysis was generated according to the following rules: If a gene product was identified from at least one strain, the redundant number of MS/MS spectra used for its identification was set as a numerical value in each strain. Hierarchical cluster analysis was carried out using the correlation similarity metric and centroid linkage after centering the data by subtracting mean values for columns and arrays. The clustering data were seen as a 2D map with TreeView downloaded from the Web site (http://jtreeview. sourceforge.net/).
| Extraction of phosphorylation motifs
Based on the sequences of phosphopeptides identified from OK145 and TN2GF4, all corresponding proteins were extracted by searching again against the H. pylori protein database. Then, six amino acid residues surrounding the phosphosites were extracted from the matched protein sequences, and phosphoacceptor-centered 13 amino acid sequences were generated. After removal of redundant sequences, the pre-aligned sequences were submitted to the Motif-x (http:// motif-x.med.harvard.edu/) (Schwartz & Gygi, 2005) as foreground to extract phosphorylation motif. The minimum number of motif occurrences was set to 3. The significance threshold was set to 10 −4 . The small H. pylori protein database was generated by random sampling using our in-house Perl script and used as a background.
